Introduction
Contact with a backrest affects the apparent mass of the seated human body exposed to single-axis vibration excitation. [1] [2] With vertical excitation, a backrest tends to reduce the vertical apparent mass measured on the seat at frequencies less than the resonance frequency but increase the apparent mass at frequencies greater than the resonance frequency. A similar effect is observed with fore-and-aft excitation, with the first resonance in the fore-and-aft apparent mass measured on a seat increasing from 0.7 Hz without a backrest to 4 Hz with a backrest. 3 This study was undertaken to compare the apparent masses of subjects seated with and without a backrest while exposed to single-axis and dual-axis vertical and foreand-aft excitation. It was hypothesised that during both single-axis and dual-axis excitation, the fore-and-aft and vertical apparent masses measured on a seat without a backrest would differ from those measured with a backrest.
Methods
Twelve male subjects sat in a normal relaxed upright posture with their hands on their laps and with average thigh contact on a rigid flat horizontal seat with and without a rigid flat vertical backrest secured to the ISVR 6-axis motion simulator. Subjects were exposed to random vibration (0.2 to 20 Hz) with all 15 possible combinations of four vibration magnitudes (0, 0.25, 0.5, or 1.0 ms -2 r.m.s.) in the fore-and-aft and vertical directions. When exciting the body in both axes simultaneously, the two motions were uncorrelated. After mass-cancellation in the time domain, the forces on the seat were used to calculate the fore-and-aft and vertical apparent masses at the seat surface using singleinput single-output models.
Results
The medians of the moduli of the fore-and-aft driving point apparent masses of the 12 subjects with and without the backrest during single-axis fore-and-aft excitation (a x =0.5 ms -2 r.m.s.) and during dual-axis excitation (a x =0.5 ms -2 r.m.s., a z =0.25, 0.5 or 1.0 ms -2 r.m.s.) are shown in Figure 1 .
The medians of the moduli of the vertical apparent masses of the 12 subjects with and without the backrest during single-axis vertical excitation (a z =0.5 ms -2 r.m.s.) and during dual-axis excitation (a z =0.5 ms -2 r.m.s., a x =0.25, 0.5 or 1.0 ms -2 r.m.s.) are shown in Figure 2 . 
Discussion
With single-axis fore-and-aft excitation, the fore-and-aft apparent mass on the seat was greater without the backrest at the lower frequencies but greater with the backrest at the higher frequencies, consistent with previous studies. At two example frequencies in these ranges (0.78 and 3.91 Hz) the differences were highly significant (p=0.002 and 0.002; Wilcoxon). With dual-axis fore-and-aft and vertical excitation, there was a similar effect of the backrest on the fore-and-aft apparent mass with significant differences at the same frequencies for all three magnitudes of vertical excitation shown in Figure 1 (p<0.006) .
With single-axis vertical excitation, the backrest tended to affect the vertical apparent mass on the seat as previously reported. Although the simple rigid flat vertical backrest used here produced only small differences, the vertical apparent mass measured on the seat tended to decrease at the lower frequencies and increase at frequencies greater than the resonance frequency. With dual-axis fore-and-aft and vertical excitation, the effect of the backrest on the vertical apparent mass at the seat was similar to that with single-axis vertical excitation. At an example frequency less than the resonance frequency (i.e. 2.73 Hz), the reduction in the vertical apparent mass on the seat was statistically significant with all four magnitudes of fore-and-aft excitation (p<0.012; Figure 2 ), but at an example frequency greater than the resonance frequency (i.e. 8.2 Hz), there was no statistically significant difference.
